P ain and factors associated with pain perception are important to both the clinician and patient. For many patients, fear of dental pain and avoidance of dentistry are synonymous. 1 Moreover, clinicians report that managing some patients' pain and distress can be a frustrating task. 2 It has been acknowledged for many years that human pain perception is made up of multiple dimensions, including a sensory aspect and an emotional/affective quality aspect. 3 Researchers have shown that some "pain" stimuli are associated with high levels of emotionality/affect (for example, cancer pain), whereas other "pain" stimuli can produce relatively low levels of emotional distress (for example, labor pain). 4 These findings indicate that people can experience very different emotional responses to very similar levels of stimuli intensity, depending on their perception of the event. 5 Assessment of clinical pain response requires the use of measurement scales designed to capture the different dimensions of pain perception. 6 Price 7 describes the sensory dimension of pain as comprising the location, quality and intensity of the pain sensation, as well as other spatial and temporal characteristics. The emotional/affective dimension includes the interpretation of the meaning of the pain stimuli in rela- ✷ ✷  tionship to one's desire or expectation to avoid harm. While these two dimensions are highly correlated, evidence suggests that the mechanisms that underlie these dimensions are related but distinct, and both should be considered carefully when assessing clinical pain perceptions. 8 It often is assumed that aging results in loss of pain sensitivity. Although some efforts have been made to study the effects of aging on pain perceptions, the results are not conclusive. Experimental studies of acute pain responses do not show significant age-related alteration in the pain perceptions of healthy elderly subjects. 9 It has been proposed that differences in acute pain responses between younger and older patients 10 may be a result of changes in pathophysiology (for example, neural conductivity) rather than changes in the pain perception itself. 11, 12 It is not clear, however, from the literature whether these changes in pathophysiology influence both affective pain and sensory intensity in the elderly.
New evidence suggests that there are differences in pain perceptions between men and women. 13, 14 Although, most studies suggest that women have greater pain sensitivity than men, there are inconsistencies in the literature. 15 These inconsistencies suggest that the type of pain stimuli may influence perceived pain differences between men and women. 16 In addition, the influence of aging on these reported sex differences has yet to be clarified.
The purpose of our study was to investigate the influence of dental patients' age, sex and dental characteristics among on both the affective and sensory components of the pain perception.
METHODS
A total of 336 adult patients scheduled for endodontic therapy, or ET, to be performed by endodontic faculty or residents at the University of Iowa College of Dentistry were contacted by telephone to participate in this study. Only three (less than 1 percent) of those contacted refused, resulting in a final sample size of 333. Unwillingness to commit the extra time was the reason given for refusal. The patients primarily were white and generally were middle and uppermiddle class, though their precise income statuses were unavailable. (Less than 1 percent of the patients were Asian or African-American, which was consistent with this clinic population). All patients received a $75 credit toward their ET costs in exchange for their participation.
The sample included 53 percent regular and 47 percent episodic care-seekers. Regular careseekers, defined as those who reported a dental visit in the past 12 months, reported scheduling at least one annual visit or categorized themselves as regular care seekers. Episodic care-seekers were those who failed to meet these criteria. Both types of care-seekers were distributed equally over the experimental conditions. The University of Iowa Institutional Review Board approved this study.
Patients arrived 30 minutes before their dental appointments to receive individual instruction and to complete a pretreatment pain and stress assessment questionnaire. Each patient assessed his or her sensory pain level at two time points: before treatment, when patients predicted the pain level they anticipated would occur during ET, and immediately after treatment, when patients assessed the pain they actually experienced during ET. They assessed both the sensory (pain intensity) and affective (procedural unpleasantness) aspects of their pain using a selfadministered 100-point visual analog scale, or VAS. 17 Four outcome or dependent variablesanticipated sensory pain, experienced sensory pain, anticipated affective unpleasantness, experienced unpleasantness-were based on the following requests: dDescribe the pain (unpleasantness) you anticipate experiencing during this ET. dDescribe the pain (unpleasantness) you just experienced during this ET.
In addition to the pain scales, the state and trait subscales of the State-Trait Anxiety Inventory 18 and the Iowa Dental Control Index 19 were included to evaluate the patient's stress associated with the ET experience. These two subscales measure the desire for and feeling of personal control in a dental setting and were administered only before dental treatment. In the State-Trait Anxiety Inventory, state is a measure of the control level for that day, and trait is a measure that is more generalized to all life situations. We considered these behavior intervention variables to be control variables for this study.
All of the dentists were endodontic faculty members or residents. Each practitioner was asked to evaluate the patient's reaction to mastication, palpation, percussion and thermal stimulation, as well as provide a pulpal diagnosis for each tooth. Dentists also rated the level of pain they perceived their patient to have experienced during the ET.
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ANALYSES
We analyzed the data using statistical software (PC SAS System for Windows,Version 8.0, SAS Institute, Cary, N.C.). We used frequency distributions and contingency table analyses to describe and compare important demographic and dental variables with patient-reported pain variables (significance level, α = .05). Anticipated and experienced pain variables were analyzed first as continuous variables and then were dichotomized into high or low categories according to the sample distribution and previous literature reports on VAS. 17 We used statistical regression modeling techniques, linear regression for continuous outcome variables and logistic regression for dichotomous outcome variables to identify important relationships between dental variables and perceived pain, while controlling for the behavior intervention variables that were part of the study design. A summary of the results on a behavioral intervention using sensory focus techniques with this study population has been reported. 6 Controlling for these intervention variables through regression techniques allowed the analyses to focus on the relationships between pain and the dental and demographic variables of interest.
We dichotomized age as younger than 50 years and 50 years and older for use as a predictor variable in the logistic regression analysis and to compare with previous studies. We used the four outcome or dependent variables described previously. The factors or independent variables we considered in the analyses were patient's age, sex, dental care-seeking behavior, previous ET experience, report of pain at appointment arrival, pulpal diagnoses and tooth type, as well as the dentist's assessment of patient discomfort.
RESULTS
The 333 patients in the sample ranged in age from 18 to 82 (mean, 45.29 years), and 61 percent were women. There were comparable numbers of men and women throughout the age range in this sample population. Seventy-nine percent of the patients reported having ET, and 14 percent reported having had four or more teeth endodontically treated. Sixty-seven percent of treated teeth were molars; 21 percent were premolars, 7 percent were incisors, and 5 percent were canines ( Figure 1 ). Forty-six percent of the treated teeth were diagnosed as necrotic, 31 percent with irreversible pulpitis, 2 percent with reversible pul- Figure 2 ). We made normal pulp diagnoses for teeth scheduled for elective ET for dental restorative needs. We also reviewed charts in an attempt to determine the diagnoses for the 14 percent of teeth that were not given a specific diagnosis by the study's dentists. Chart entries, however, did not support a confident diagnosis determination. Results did not differ when analyses were performed with and without this group. Therefore, the people for whom the dentists did not provide a definitive diagnosis were not excluded from the study. The dentists' clinical assessments are summarized in Figure 3 . They found that the most severe clinical symptoms were experienced by less than 20 percent of the study population.
Twenty percent of the patients reported to their appointments in pain. The reported length of time the patients were in pain ranged from less than one week to more than one year, with an average of one month. Regular patients were more likely to exhibit pain than were episodic patients (P = .042). Although more women reported pain at appointment arrival than did men (24 percent vs. 15 percent), men were more likely to report having pain for a longer period compared with women (P = .035).
The outcome variable responses based on the VAS are summarized in Table 1 . Anticipated values were consistently higher than the experienced values, which indicated that patients actually experienced less pain and unpleasantness than they anticipated. Figure 4 illustrates the predicted values of anticipated and experienced sensory pain by age and sex from linear regression modeling. Anticipated and experienced pain decreased significantly with increasing age (both values, P < .001). Women had significantly higher on March 16, 2008 jada.ada.org anticipated pain levels than men (P < .05), but there was no difference in experienced pain levels by sex. Figure 5 shows that the predicted values from linear modeling for experienced unpleasantness are nearly identical to that of experienced pain with a decrease in level with increasing age (P = .008) and no difference by sex. Overall, anticipated levels of unpleasantness decreased with increasing age (P = .039) but the levels decreased more sharply for women and remained nearly static for men. Younger women anticipated higher levels of unpleasantness, and the levels decreased more sharply with age for older women anticipating lower levels of unpleasantness than for older men. were more likely to anticipate higher pain levels; younger patients also experienced higher pain levels, but there was no difference in experienced pain by sex. Surprisingly, sensory pain levels did not differ by tooth type, pulpal diagnosis, ET history or episodic/regular dental attendance. Not surprisingly, we found that anticipated measures of pain and unpleasantness measures were significantly associated with experienced pain measures. Analyses of anticipated and experienced unpleasantness yielded nearly identical results with the exception that there was no significant difference in anticipated or experienced unpleasantness by age or sex. Therefore, the logistic analyses results for unpleasantness were not repeated in tabular form.
According to the dentists' rating of their patient's pain during ET (scale ranged from 1 = no pain to 7 = extreme pain), 22 percent of patients received a rating of 1 or no pain, 45 percent received a rating of 2, 17 percent received a rating of 3, 7 percent received a rating of 4, 8 percent received a rating of 5, 1 percent received a rating of 6, and none of the dentists perceived their patients to have experienced extreme pain. The Kendall τ correlation between the patients' rating of the pain they experienced and the dentists' rating of their pain experiences was low to moderate at 0.384. Dentists' ratings of their patients' pain were more highly correlated among female patients (0.445) than among male patients (0.292; P = .01). There was no significant difference by dentists' sex.
DISCUSSION
Dentists have understood the clinical importance of patients' perception of pain for many years. Our findings that anticipated pain and unpleasantness were consistently higher than the levels experienced by patients may reflect good patient pain management during the ET procedure.
Recent experimental data based on directed pain stimuli found that negative anticipation produces anxiety that may amplify the patient's subsequent pain report. 20 Rhudy and colleagues, 20 therefore, suggested that a priori anxiety management is good practice. Our study sought to provide further information as to patient and dental characteristics to better guide the practi-tioner in targeting patients with greatest need of a priori management.
Tooth type. The clinical dentist may be most interested in the lack of significant association of the measured dental factors with the patients' reports of pain. Tooth type was not significantly associated with anticipated or experienced dental procedure pain. We investigated this aspect by individual tooth type and by comparing molars and nonmolars. Previously, tooth type has been reported to have no association with endodontic interappointment pain 21 or postobturation pain. 22 The posterior teeth located in the mandibular arch, however, have been reported to be significantly associated with higher levels of endodontic pain. 22 Yesilsoy and colleagues 22 felt that their findings corroborated the impression held by many clinicians that mandibular posterior teeth have more postobturation pain than do maxillary anterior teeth. This difference may be related biologically to a greater number of canals and high frequency of bifurcated root canals in mandibular posterior teeth. 23 However, Yesilsoy and colleagues also considered that student dentists in their study could have more difficulty treating mandibular posterior teeth. Since teeth were recorded by type only, the study could not address pain difference by arch location.
Pulpal diagnosis. Patients' anticipated and experienced pain and unpleasantness also were not associated with the tooth's pulpal diagnosis. Harrison and colleagues 21, 24 similarly reported no association with interappointment or postobturation pain and tooth diagnosis. These findings may not be surprising since the goal of the dental diagnosis is related to the prognosis of the tooth, and the patients' pain reports are only one factor in the diagnosis. Patients' pain reports, on the other hand, are personal and multifactoral, and they represent a composite of their experience, to most of which the dentist is not privy. 7 Thus, it is important for dentists to recognize that patients are the experts on their pain and that pain expression is a legitimate report for the biology and psychology of a person.
ET history. We were particularly interested in the finding that previous ET experience was not associated with anticipated or experienced pain The authors' findings that anticipated pain and unpleasantness were consistently higher than the levels experienced by patients may reflect good patient pain management during endodontic therapy.
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on March 16, 2008 jada.ada.org levels. One possible explanation for the lack of association of pain and previous ET experience is that patients may perceive each ET as a unique experience; patients receiving the procedure for the first time have general anxiety but a lack of specific experience. Accepting this explanation would indicate that dentists should prepare patients who have had multiple ETs as carefully as they prepare patients who are receiving a first ET.
Before this study, we hypothesized that patients who had received ET before would have experience to replace the "fear of the unknown" and, therefore, have lower levels of anticipated pain and unpleasantness. Of course this hypothesis is based on the biased assumption that the previous experience would have been more positive than the "fear of the unknown." It is possible that some patients had very negative previous ET experiences that negatively affected their pain perceptions. If the mean pain levels of those with very positive and very negative previous experiences were similar to the mean pain levels of those with and without a "fear of the unknown dental procedure," then the resulting statistical interpretation would be a nonsignificant association. Unfortunately, we did not evaluate the patients' perception of their previous ET experiences and cannot further investigate this possibility in this study population.
Current experimental pain research suggests that in this case, the term "fear of the unknown" is stated more correctly as "anxiety of the unknown." Research in this area defines "fear" as the immediate alarm reaction to a present threat that is characterized by the impulse to escape, sympathetic system arousal and pain analgesia. 20, 25 In contrast, anxiety is considered a future-oriented emotion that is characterized by the apprehension of potential threats and results in muscle tension and hyperalgesia or exaggerated pain response. 20, 25 Most dental patients come to the clinic to meet an appointment scheduled days or weeks in advance. They have had time to develop anxiety around the future-oriented dental appointment. This interpretation also may explain, in part, why there was no difference in pain report by patients with regular and episodic dental visits. Since all of these patients were scheduled for ET, they all had time to develop anxiety related to the planned procedure. It may be that dental visit patterns may reflect a more general attitude toward dental care rather than to a specific planned procedure. Our pain questions specifically targeted this ET procedure and not dental treatment in general and, therefore, may have reduced the differences in the patients' responses.
Overall, 20 percent of the total sample reported to their appointment in pain. In addition, patients' reported length of time in pain ranged from less than one week to more than one year with an average of one month. Although the anticipated levels of pain and unpleasantness were higher than those experienced, these patients' pain levels were comparable to those derived in laboratory pain experiments that produce hyperresponsiveness to pain stimuli. 26 We were surprised, however, by our finding that patients reporting pain when coming in for care did not perceive their anticipated or experienced pain levels differently from patients not reporting in pain. In fact, there were no associations of appointment pain presentation with any of the dental measures except dental attendance.
Dental care attendance. Regular patients were more likely to present in current pain than were episodic patients, another counterintuitive finding. Analgesic use before the appointment could be related to these findings. One could argue that episodic patients may use analgesics more frequently than do regular patients to postpone the dental visit, while regular patients may seek care more readily and postpone medication use until recommended by a professional. Unfortunately, this study did not record patients' prior use of analgesics. The lack of association of pain at appointment and the study outcomes did indicate that the analgesic information was not important to the primary outcomes in this study.
Sex differences. Sex differences in pain reports with women reporting more pain than men have been documented previously, 14 but discrepancies do exist in the literature. 27, 28 These results indicated that women had significantly higher anticipated pain levels than did men, but women did not differ from men on the pain reported after ET. Additionally, there was an interesting relationship with age and sex. Younger women anticipated higher levels of unpleasant-JADA, Vol. 133, January 2002 51
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Regular patients
were more likely to present in current pain than were episodic patients.
ness, and the levels decreased more sharply with age, with older women anticipating lower levels of unpleasantness than older men. Women anticipated more sensory pain than men, but younger women largely drove this effect. That is, younger women anticipated more pain and unpleasantness than did men, whereas the differences between older men and women were not significant. Thus, younger women may be more at risk of experiencing pain during subsequent treatment because of the greater autonomic arousal. Such sex-age-related differences in pain and unpleasantness might offer one explanation for the discrepant findings in previous pain literature.
Age. Despite the sex differences, these results did show an overall decrease in anticipated and experienced pain and unpleasantness across the age span. Clinicians should be aware that there are no conclusive data that progressive loss of sensitivity to nocioceptive stimuli occurs with age. 29 Thus, the age-related decrease in pain is not thought to be attributable to changes in the physiological pain system. In addition, the number of prior ET experiences was not related to either anticipated or experienced pain, suggesting that prior experience with ET could not account for this age effect. There is some evidence that stoicism increases with age and potentially accounts for lower pain reports 30 until the final months of life, in which pain reports increase. 31 Dentists' perceptions. These dentists generally underestimated their patients' pain levels and exhibited a low-to-moderate correlation of their assessment of patient pain and patient report of pain. These findings are similar to previous studies of physicians' and nurses' perceptions of patient pain. 27 Previous literature also supports evidence that women and men receive differential care for similar pain problems. 27, [32] [33] [34] Sex differences in presentation to the clinical situation may be related to these differences in care. Women seem to be more expressive of pain, whereas men tend to minimize symptoms. Women are more worried about pain, whereas men are more embarrassed by pain. 35 Studies of specific noxious stimuli and brain activity indicate that women are better able to discriminate between levels of stimuli compared with men. 36 These differences may be related to differences in cortical brain activity. It has been shown that while both sexes have similar bilateral activation of the premotor cortex and several contralateral structures, females have a greater activation of the contralateral insula and thalamus than do males. 37 While the specific relationship of these differences is not yet understood, it is tempting to postulate that this greater activation may be related to greater pain expression among women.
In a comprehensive review of sex variation and clinical pain, Unruh 27 suggested that sex differences in health care utilization for pain care begin in childhood. Day-care workers, parents and school officials often encourage definitive care among girls more commonly than among boys. In adulthood, however, the women seem less likely to receive analgesia because increased complaints among women are perceived by nurses and physicians to be an exaggeration or dramatization of pain, resulting in less pain treatment. 32 In our study, male and female dentists both perceived that women had higher levels of pain than men, and their perception, while still an underestimation, was more highly correlated with the female patients' pain reports than the male patients' pain reports. Although we did not measure postoperative pain recommendations, the ET model may not show the sex differences found in other clinical models since postoperative endodontic care often is fairly standard within a single clinical setting. These results do support previous beliefs that men may be minimizing pain and may be less likely to express their discomfort during the procedure. Dentists also may be more attuned to the expression of pain exhibited by female patients and may need to be more attentive to more subtle signs of discomfort from male patients.
Patients' perceptions. All studies of pain depend on the patient's perception of the entire event. This model targets the ET experience in general. While this is a relatively standard treatment procedure, it is true that aspects within the treatment could differ by aspects not measured in this study such as local anesthetic administration or rubber dam clamp placement. Studies of pain in areas of medical treatment have found that patients tend to remember their peak pain experienced. 38, 39 Therefore, it is reasonable to assume
Dentists generally underestimated their patients' pain levels and exhibited a low-
to-moderate correlation of their assessment of patient pain and patient report of pain.
that dental patients would behave similarly. It could be that pain evaluated in this study would be remembered pain from the local injection and not from actual obturation. This study methodology evaluated the entire ET event and did not allow further breakdown into specific aspects of the ET. More specific procedure delineation could be of interest in future investigations. Another aspect of the study event that could have affected patient perception is the dental school clinic environment. Bias could be argued to go in either direction. Patients could be less apprehensive because they are confident about receiving treatment in a dental education environment or they could be more apprehensive because of their concern about the clinicians' experience. Since providers in this study were either endodontic faculty or graduate students, we considered the latter possibility. There was no difference in level of patient perception by faculty or graduate student status. One also could argue that there could be a difference in patient apprehension in this study compared with general practice, since all the providers were endodontists or graduate endodontic students and not general dentists. While previous ET, experience did not alter these results, we did not ask patients to evaluate any previous experience. Among those who did have previous ET, we do not know whether a generalist or a specialist provided the treatment. Any generalization of these results to other settings should be made with caution. However, if one argues that patients would be less apprehensive receiving care from an endodontist rather than a general dentist, then these results may underestimate the patient's level of anticipated pain or unpleasantness in general practice.
CONCLUSION
Based on the results of this study, we found that pain experienced during ET often is less than anticipated. Tooth diagnosis is not related to the amount of pain and unpleasantness patients anticipate or experience with ET. Younger people anticipate and experience higher levels of pain than do older people. Women are more likely to anticipate but do not experience higher levels of pain compared with men. Dentists seem to underestimate the amount of pain their patients experience during ET. However, both male and female dentists are more closely attuned to the pain experience of their female patients than their male patients. Practitioners may choose to pre-pare younger patients and female patients better for ET and improve pain communication with male patients.
This study suggests that each ET is perceived as a new experience by patients. Therefore, regular patients and those with previous experience with ET should be prepared for treatment as thoroughly as episodic patients and patients receiving their first ET. s 
